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INTRODUCTION 
Zeranol is a non-steroidal oestrogenic growth pro-

moter that increases the live weight gain in food animals. 
Fig 1. It is a semi-synthetic product derived from the 
naturally occurring mycotoxin zearalenone. Its adminis-
tration has been banned within the European Union (EU) 
(Council Directive 96/22/EEC) and Member States are 
required to monitor food-producing animals for possible 
abuse (Council Directive 96/23-EC). Zearalenone is also 
known as the fusarium spp. toxin (F2-toxin) and is com-
monly found in animal feed. Zeranol and zearalenone are 
known to give identical metabolites, including zeranol 
itself, can also occur naturally in bovine urine after me-
tabolism of Fusarium spp. toxin. The traditional method 
for the analysis of zeranol and other rezorcylic acid in 
the present is gas chromatography (GC) with liquid 
chromatography (Tobioka and Kawashima 1978, 1981) 
and mass spectrometry (Bagnati et al., 1990; Sawaya 
etal., 1998; Talat et al., 1999; Leslie et al., 2003). Large-
scale surveillance programsrequire a rapid analysis of 
zeranol  therefore an enzymelinked immunosorbent as-
say (ELISA) appeared suitable. Such assays have been 
developed in our laboratories since 2006.

Finally, the optimized ELISA was applied to deter-
mine zeranol in bovine urine samples. The use of zeranol 
in food producing animals is prohibited in most coun-
tries of the EU and in Macedonia. The aim of the present 
study was to determine the levels zeranol  in cattle urine 
of various sex and age using validated ELISA methods, 
to get an insight into the residual levels that might indi-
cate to the illegal use of zeranol on farm animals in this 
region.
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ABSTRACT
Zeranol is a synthetic derivative of zearalenone which has been used as an anabolic substance in sheep and cattle to increase growth 
at food producing animals. The usage of zeranol is prohibited in most countries of the European Union and in Macedonia. In the 
illegal use of zeranol it is diffi cult to determine its presence because the amount of zeranol given and period is not known. A high 
affi nity polyclonal antibody-based enzyme linked immunosorbent assay (ELISA) was developed for the quantifi cation of zeranol 
in bovine urine. In the improved ELISA, the linear response range was between 0.025 and 3 ng/ml , and the detection limit was 
0.22 ng/ml for the assay. The overall recoveries and the coeffi cients of variation (CVs) were in the range of 87.9%~92.3% and 
2.4%~5.6%, respectively. Thirty-six bovine urine samples spiked with zeranol (ranging from 0.2 to 10 ng/ml) were detected by the 
ELISA, and good correlations was obtained (R 2=0.9929). We conclude that this improved ELISA is suitable tool for a mass zeranol 
screening method for zeranol in bovine urine. A total of 87 bovine urine samples were screened for the presence of zeranol as part 
of national monitoring residues where these documented cases presented zeranol concentrations were  much lower than the MRPL 
set by the according the guidance letter from Community Reference Laboratories’ ( 7 December 2007).
Key words: Rezorcylic acid, urine, ELISA, zeranol

MATERIALS AND METHODS 
A total of 87 bovine urine samples were screened for 

the presence of zeranol as part of national monitoring 
residue plan. The samples were collected within period 
of 12 months as they were delivered by the authorised 
veterinary inspectors. Samples were kept frozen at -20 
ºC until analysis. A I’ screen zeranol kit for ELISA was 
provided by Tecna (R&Diagnostics- Biotechnology, It-
aly). Each kit contained a microtiter plate with 96 wells 
coated with antibodies to rabbit IgG, zeranol standard 
solutions (0; 0,025; 0, 1; 0, 3; 1 and 3 ng/mL), enzyme-
conjugate zeranol, anti-zeranol antibody, substrate/chro-
mogen solution, stop reagent, conjugate and antibody 
dilution buffer, and washing buffer. The extraction and 
clean-up procedures were those described by the ELISA 
kit manufacturer (R&Diagnostics- Biotechnology, Italy). 
Urine samples (0, 5 ml) were diluted with 2.5 ml of so-
dium acetate buffer 50 mM pH 4.8, then was added 10 
μl of β glucoronidase aril-sulfatase of Helix pomatia, 
the pH was controlled and in case was adjusted  it at 

 Zeranol [CASRN 26538-44-3] 
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4.8-5. The entire supernatant was allowed to reach room 
temperature (20-25°C) an overnight and then underwent 
clean-up with RIDA C18 column. Subsequently, 1 ml of 
the elute was pippeted into a glass tube and evaporated 
at 50/60ºC under a stream of nitrogen, and the residue 
was redisolved in 0.5 ml of kit dilution buffer. Fifty mi-
croliters of standards and control were pippeted into the 
standard/ sample  wells in duplicate and 50 microliters of 
conjugate was added. The microtiter plate was covered 
with adhesive fi lm, gently tapped from side to side, and 
incubated for 90 min at room temperature. The plate was 
inverted and the liquid was tapped out. The microtiter 
plate was washed 4 times with working wash solution di-
luted diluent over a 10-15 minute period. After the fi nal 
wash, it was tapped onto a tissue paper. Immediately after 
washing, 100 μl of of developing solution was pippeted 
into each well. The microtiter plate was gently tapped 
and incubated for 15 minutes at room temperature in the 
dark. The color reaction was stopped by addition of 50μl 
of stop solution per well. A color change of blue to yel-
low was evident, and the optical density was measured 
at 450 nm within 10 minutes. Data were analyzed us-
ing a special software RIDAWIN ELISA (R-Biopharm, 
Darmstadt, Germany). The mean absorbance values ob-
tained for the standards and the samples divided by the 
absorbance value of the fi rst standard (zero standard) and 
multiplied by 100 was the % absorbance. The zero stan-
dard was thus made equal to 100 % and the absorbance 

Validation of the method used in zeranol determination resulted in the mean recovery of 87.9%-92,3% and repeat-
ability  of 89.1%-93,3% with coeffi cient of variation (CV) of 2,4%-5,6% and 4,9%-8,6% respectively. 

As can be seen in Fig.1, the zeranol calibration curve was found to be virtually linear in the 0.025 to 3 ng/ml.

Validation 
parameter

No. of 
replicates

Spiked concentration
μg/kg

Determinated 
concentration μg/

kg

Mean 
recovery %

Coeffi cient of 
variation 

%

Recovery

6
6
6

1
2
3

0.923
1.759
2.689

92.3
87.9
89.6

2,4
4,7
5,6

Repeatability

18
18
18

1
2
3

0.901
1.782
2.801

90.0
89.1
93.3

4,9
6,8
8,6

Table 1. Recovery and repeatability of zeranol

values were quoted in percentages. The method recovery 
was evaluated by fortifying negative urine samples with 
zeranol standards (1, 2 and 3 μg/kg).

Method validation. 
The limit of detection (LOD) was obtained by spik-

ing with 0, 5 from MRPL which is 2 ppb according the 
guidance letter from Community Reference Labora-
tories’ (7 December 2007).  The method recovery was 
determined at three level by spiking urine samples with 
0,5; 1 and 1,5 times  the MRPL level. For determina-
tion of repeatability, the same steps were repeated on two 
occasions in the same analytical conditions. Detection 
capabilities (CCβ) was evaluated by analyzing 20 spiked 
samples at 0,5 MRPL level. A typical ELISA standard 
curve is presented in Figure 1. Final zeranol concentra-
tions in urine were calculated by taking the average re-
coveries into account.  

RESULTS AND DISCUSSION
Validation results of quantitative ELISA methods 

include determination of the recovery, repeatability and 
detection capability (CCβ) of the test methods.

The estimated LOD for urine samples for zeranol 
was 0,22 ng/ml. The CCβ for urine sample for zeranol 
was 1,21 ng/ml The results of method recovery (n=18) 
and repeatability (n=54) are presented in Table 1. 

  

Figure 1. Linearity of calibration curve for zeranol standards

In Fig.2 the correlation between the absorbance ratio and zeranol concentration was evaluated over the range 0 – 3 
ng/ml, R2=0.9929. 
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Zeranol and its metabolites act as estrogen receptor 
agonists and exert typical estrogenic effects on animals 
(Lamming 1987, Le Guevel and Pakdel 2001, Leffers et 
al. 2001, Nagel et al. 1998, Nikaido et al. 2005). The 
presence of mycotoxins and serum levels of zearalanone 
were associated with early thelarche and mastopathy in 
Hungarian girls (Szuets et al. 1997). Furthermore, the 
presence of mycotoxins was strongly correlated with 
precocious puberty, and exposure to the mycoestrogenic 
zearalenone is thought to trigger central precocious pu-
berty in young girls (Massart et al. 2008). Natural es-
trogen is a known cause of human breast and uterine 
cancer and increased exposure to zeranol may similarly 
increase risk from the existing burden of the natural 
compound. Most, but not all, of the short-term assays 
to assess mutagenicity of zeranol and some metabolites 
(zearalanone and taleranol) were negative (Metzler and 
Pfeiffer 2001). Because of the potential toxicity of these 
compounds, whether from natural or synthetic sources, 
it is important to prevent human exposure. Identifying 
zeranol in biospecimens is not suffi cient to prove expo-
sure to the synthetic hormone, as ingestion of Fusarium 
contaminated corn can produce similar results. How-
ever, laboratory methods exist to distinguish between 
metabolites resulting from exposure to zeranol and those 
resulting from exposure to the Fusarium mycotoxin. El-
evated levels of zeranol or its metabolites could indicate 
that measures aimed at keeping the synthetic hormone 
out of the food supply are not adequate or that efforts 
to prevent Fusarium contamination of the food supply 
are not adequate. Zearalanone is stored in adipose tissue 
(Pillay et al. 2002). In one study (Nagel et al. 1998), an 
oral dose of zearalanone had a half-life of 22 hours in 
human blood. Both the presence of mycotoxins and se-
rum levels of zearalanone in the range of 18.9-103μg/L 
were associated with early thelarche and mastopathy in 
Hungarian girls (Szuets et al. 1997). Since zeranol use 
has been banned in the European Union, the interest in 
detecting illegal zeranol use has resulted in the develop-
ment of GC-MS (Blokland et al. 2006) and immunoas-
say (Tuomola et al. 2002) techniques that can be used 
to distinguish between exposure to zeranol and exposure 
to Fusarium toxins in biological specimens. LC/MS 
methods exist to detect zeranol in sub-ppb quantities in 

Figure 2. Calibration curve for zeranol standards (0.025-3 ng/ml)

animal urine (Launay et al. 2004, Schmidt et al. 2008, 
Rúbies et al. 2007). In the illegal use of zeranol it is dif-
fi cult to determine its presence because the amount of 
zeranol given and period is not known. In the improved 
ELISA, the linear response range was between 0.025 
and 3 ng/ml , and the detection limit was 0.22 ng/ml for 
the assay. The overall recoveries and the coeffi cients of 
variation (CVs) were in the range of 87,9%~92,3% and 
2.4%~5.6%, respectively. The levels of zeranol  in bo-
vine urine, which require due measures to be taken for 
suspect abuse are defi ned according the Council Direc-
tive 1996/22/EC. The borderline urine level of zeranol 
demanding due measures has been set at 1,21 ng/ml to 
obviate the possibility of a great number of false-pos-
itive results.  In comparison with physiological values 
reported in the literature, the results obtained in the pres-
ent study and data on study animals indicated that illegal 
use ofzeranol residues could not be suspected in none of 
the studied animals. As data on urine zeranol concentra-
tions have not yet been precisely determined, are quite 
inadequate for different animal species and categories, 
and depend on numerous factors, additional studies are 
defi nitely necessary. On the other hand, because there is 
possibility to occur high rates of false positive zeranol 
samples in urine, confi rmation of the ELISA test should 
always be carried out by chromatographic methods cou-
pled to spectrometric methods.
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АПСТРАКТ
Зеранолот е синтетички произвд на зеараленонот кој се користи како анаболичка супстанца кај овците и говедата за 
зголемување на растот на животните кои се одгледуваат за производство на храна. Користењето на зеранолот е забрането 
во сите земји на Европската Унија и во Македонија. При нелегалната употреба на зеранол, утврдувањето на неговото 
присуство претставува потешкотија, бидејќи не се познати количината на аплицираниот зеранол и периодот на апликација. 
Беше разработен високо афинитетен ензимски имуносорбентен метод (ELISA) на основа на поликлонални антитела, за 
квантификација на зеранол во урина од говеда. Кај подобрената ELISA  линеарниот одговор беше во опсегот помеѓу 0,025 
и 3 ng/mL, со лимит на детекција на методот од 0,22 ng/mL. Вкупниот аналитички принос и коефициент на варијанца 
(CV) беше во опсегот од 97,9-92,3 % и 2,4-5,6 %, соодветно. 36 примероци од говедска урина спикувани со зеранол (од 
0,2 до 10 ng/mL) беа детектирани со ELISA и постигната е добра корелација (R2=0,9929). Може да се заклучи дека оваа 
подобрена ELISA претставува соодветна алатка како масовен метод за скрининг на зеранол во говедска урина. Вкупно 
87 примероци од говедска урина, како дел од националниот мониторинг на резидуи, анализирани се за утврдување на 
присуство на зеранол. Во овие документирани случаи утврденото присуство на зеранол беше значително пониско отколку 
МRPL определен со циркуларното упатство на Референтните Лаборатории на ЕУ (7 декември 2007).
Клучни зборови: резорцинска киселина, урина, ЕLISA, зеранол.


